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To prepare a comprehensive compilations of the infrared spectro-
grams of the ingredients of Propellants and Explosives which can serve
as a reference source to Laboratories engaged in the analysis of Propel-
lants and explosives.

A comprehensive compilation consisting of 176 infrared spectra
of ingredients of propellants and explosives has been prepared and is
presented herein. The spectra are arranged in the following groups,
which are listed alphabeticallSy, Acetates, Amines, Esters, Metal
Organics, Misc., Polymers, Nitro Amines, Nitro Aromatics, Organo Nitrates,
Phosphates, Phthalates, Salts, Ureas, Urethanes. Within each group the
individual spectra have been arranged in such a way so that related com-
pounds are placed togethpr.



INTOUCTION

A small compilation consisting of 24 infrared spectra of ingiredients
of propellants appeared in P.A. Tech Report 1816 "Use of Infrared Spectro-
photometry in the Analysis of Propellants". A rather larger compilation
of 68 infrared spectra of explosive was presented in P.A. Tech. Report 2254
"Analysis of Explosives by Infrared Spectroscopy", which also described
methods and techniques for the analysis of explosives. Since the above
mentioned reports were issued many more infrared spectra of ingredients of
propellants and explosives have been investigated and prepared. It was
therefore considered desirable to prepare a comprehensive compilation of
the infrared spectrograms of all the commonly used ingredients of propel-
ants and explosives which can serve as a reference source to Laboratories
engaged in the analysis of propellants and explosives.

2



RESULTS

A comprehensive compilation consisting of 176 infrared spectra of
ingredients of propellants and explosives has been prepared and is
presented herein. The spectra are arranged in the following groups which
are listed alphabetically: Acetates, Amines, Esters, Metal Organics,
Misc., Polymers, Nitro Amines, Nitro Aromatics, Organo Nitrates, Phos-
phates, Phathalates, Salts, Ureas, Urethanes. Within each group the in-
dividual spectra have been arranged in such a way so that related com-
pounds are placed together. Thus the mononitrotoluenes are together, so
are the dinitro and trinitrotoluenes.

For the convenience of locating the spectrum of a certain compound
an index has been prepared which will give the Code No. of the compound
which will facilitate finding it. A glance at the "Index" and Code Nos.
will suffice to show the simplicity of locating the spectra.

The enclosed compilation includes some compounds which may not be com-
monly used as ingredients of explosives or propellaiits but may be present
as impurities, may be compounds formed during the manufacturing process
or may be compounds that are related to the ones actually used. Thus the
compilation includes all the various mono, di and trinitrotoluene isomers.
It also includes the different polymorphs of IX. The inclusion of these
substances mentioned above has been done not only for ccmpleteness, cut
also as a possible means of obtaining spectra band correlations.
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INDEX TO INFRARED SPECTRA OF
INGRFDIENTS OF PROPELIANTS AND EPLOSIVES

NAME(S) CODEPentaerythrityl Tetraacetate AC I
Sucrose Octaacetate AC 2Glycerol Triacetate (Triacetin) AC 3
Ethylene Glycol Monomethyl Ether Acetate

(Methyl Cellosolve Acetate) AC 4
Diphenylamine Amine 1N-Nitrosodiphenylamine Amine 2
Para-Nitrosodiphenylamine Amine 32-Nitrodiphenylamine Amine 4
4-Nitrodiphenylauiine Amine 52

,
4
-Dinitrodiphenylamine Amine 6

2,4! Dinitrodiphenylamine Amine 7
Diethyl Maleate Ester 1
Di-N-Butyl-d-Tartrate Ester 2
Diethyl-d-Tartrate Ester 3
Diethyl Hexanedioic Auid Ester

(Diethyl Adipate) Ester 4
Dimethyl Hexanedioic Acid Ester

(Dimethyl adipate) Ester 5
Diethyl Carbonic Acid Ester

(Diethyl Carbonate) Ester 6
Triethyl Citrate Ester 7
Diethyl Fumarate Ester 8
Decanedioic Acid Ethyl Hexyl Ester

(Ethyl Hexyl Sebacate) Ester 9
Decaned'oic Acid Dimethyl Ester

(Dimethyl Sebacate) Ester 10
N-Butyj Stearate Ester 11
Hexanedioic Acid Dipropyl Ester

(Di-N-propyl adipate) Ester 12
Ethylene Carbonate Ester 13Lead Acetyl Salicylate Metal Organo I
Lead Salicylate Metal Organo 2
Lead Dihydroxy Benzoate

(Lead Resorcylate) Metal Organo 3Basic Cupric Sallcylate Metal Organo 4
Lithium Stearate Metal Organo 5Lead Stearate Metal Organo 6Magnesium Stearate Metal Organo 7Zinc Stearate Metal Organo 8* Lead Met& Toluate Metal Orgao 9
Lead Rincinoleate Metal Organo 10
Mono Basic Lead Dihydroxy Benzoate

* (Mono Basic Lead Beta Resorcylate) Metal Organo 11
Ferric Acetonyl Acetonate Metal Organo 12



NAI'ECS)CODE
Stearic Acid Misc 1
Carbazole Misc 2
Diphenyl Guanidi.ne Misc 3
Oxamide Misc 4
Nitroguanidine Misc 5
Methyl Nitroguanidine Misc 6
Decaborane kMisc 7
Melamine Misc 8
5-Aminotetrazole Misc 9
Cyano Guanidine (Dicyandiamide) Misc 10
Diphenyl forreamide Misc 11
Phthalide Misc 12
Cyciotrimethylene Trinitroso Amine,"R" Salt Mis' 13
Phenaz ine Misc 14
Camphor Misc 15
Hexamethylene Tetramine Misc 16
Beta-Resorcylic Acid Misc 17
1,3 Dihydroxy Benzene (Resorcinol) Misc 18
Tolyl-2,4-Diisocyanate Misc 19
Nitroisobory~l Glycerine ,"Mib" Triacrylate Misc 20
Methyl Cellulose Poly 1
Ethyl Cellulose Poly 2
Cyanoethyl Cellulose Poly 3
Ethylenedinitramine ("Edna") (Haleite) Nitro Amine 1
Methylenedinitramine,'Medina" Nitro Amine 2
1,3,5 Triazine Hexahydro 1,3,5-Trinitro (RnX) Nitro Amino 3
Cyc lotetramethylenetetranitrami~ne

(Beta 104X) Nitro Amino 4
Cyc lotetramethylene tetranitramine

(Alpha HMX) Nitro Amino 5
Cyclotetramethylenetetranitramine

(Gammas HMX) Nitro Amino 6
N-Methyl-i, 2,4,6-Tetranitroaniline Nitro Amino 7

(Te try 2) Nitro Amino 7
Monomethyl Paleite Nitro Amino 8
Dimethyl Haltise Nitro Amino 9
M-Nitroanisole Nitro Arom 1
P-Nitroanisole Nitro Arom 2
2,4-Dinitroanisole Nitro Arom 3
2,4 ,6-Trinitroanisole Nitro Arom 4
Nitrobenzene Nitro Arosi 5
M-Dinitrobenzene Nitro Atom 6
P-Dinitrobenzene Nitro Arom 7
1,3,5-Trinitrobenzene Nitro Aram 8
2-Nitroethylbenzene Nitro Arom 9
4-Mitroethylbenzene Nitro Arosi 10
2,4-Dinitroethylbenzene Nitro Arom 11
2,4,6-Trinitroethylbenzene Nitro Atom 12
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AlphaCODE
ApaNitronaptbalane Nitro Atom 13

l,5-Dinitronapthalene Nitro Atom 14
1,8 Dinittonapthalene, Nitro Atom 15

*1,3,8-Trinirronapthalene Nitro Atom 16
2-Nitrotoluene, Nitro Atom 17
3-Nittotoluene Nitro Atom 18
4-Nitrotoluene Nitro Atom 19
2,3-Dinitrotoluene Nitro Atom 20
2,4-Dinitrotoluene, Nitro Atom 21
2,5-Dinitrotoluene Nitro Atom 22
2,6-Dinitrotoluene Nitro Atom 23
3,4-Dinitrotoluen.e Nitro Atom 24
3,5-flinitrotoluene Nitro Atom 25
2,3,4-Trinittotoluene Nitto Atom 26
2,3,5-Trinitrotoluene Nitro Atom 27
2,3,6 Trinittololuone Nitro Atom 28
2,4,5 Trinitrotolluene Nitto Atom 29
2,4,6-Trinitrotoluene Nitto Atom 30
3,4,5-Trinitrotoluene Nitro Atomn 31
2-Nitrobenzoic Aoid Nitto Atom 32
3-Nitrobenzoic Acid Nitro Atom 33
4-Nitr~obenzoic Acid Nitto Atom 34
2,4 Dinitrobenzoic Acid Nitto Atom 35
3,5 Dinitrobenacoic Acid Nitro Atom 36
2,4,6-Trinitzobenzoic Acid Nitto Atom 37
Diaminotrinitrobenzene, Nitro Atom 38
1,Nitro Catbazole Nitto Atom 39
3,Nitto Catbazole Nitro Atom 40
1,2,6,8 Tetranittocarbazole Nitro Atom 41
2,4,5,7 Tetranitrocarbazole Nitro Atom 42
Pata-Nitro-N-Nethyl Aniline Nitto Atom 43
1,2,4-Eutanetriol ttinitrate Otgano Nitrate 1
Nitrocellulose Organo Nittate 2
Ethyleneglycoldinictate Organo Nittate 3
Diethyleneglycoldinirrate (DEGN) Organo Nitrate 4
Itiethylenegi -o1 dirnitrate (TEON) Organo Nitrat2 5
MannitoLIHexanitrat6 Otgano Nitrate 6
Hetrioltrinitiate Organo Nitrate 7
Glycerol Trinitrate (Nitroglycerine) Organo Nitrate 8
Pentaerythrizol Tetranitrate (PETN) Organo Nitrate 9
Pentaerythritol dinitrate (PEON) Organo Nitrate 10
Pentaerythritol trinitrare (Perrin) Organo Nitrate 11
Pentaeryibritol trinitrate (perrin) Acrylate Organo Nitrate 12
Tetramethylolcyclopentanone TetrankitrAte

(Fivonite) Organo Nitrate 13
Tetramethylolcyclohexanol pentanitrate

(Sixolite) Organo Nitrate 14
*Di,)entaerythritolhexanitrate Organo Nitrate 15
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Tripentaerythritoloctanitrate 
CODEn itae1Propylenieglycoldinitrate 
Organo Nitrate 17Nitroisobutylglycerine "NIB" dinitrate Organo Nitrate 18Nitroisobutylglycerine "NIB' TrInitrate Organa Nitrate 19Nitroisobutylglycerine, "U3"dinltrate acrvlate Organo Nitrate 20Nitroisobutylglycerine "NIB" dinitrate

Polyacrylate 
raoNtte2Trioctylphosphd~e 
rgaos NItae2TripenylhospatePhos 1

Tri-o-tolylphosphate 
Phos 3Tri-cresylphosphate 
Phos 4Tri-p-cresylphosphate 
Phos 5Dimethylphthalate 
Phth 1Diethylphthalate 
PtDibutylphthalate. Phth 3

Diisobutylphthalate Phth 4
Di-N..Amylphthalate Pt
Diisoamylphthalate Phth 5
Dicaprylphthalate Phth 7
Dicyclohexylphthalate Phth 8
Diphenylphthalate Phth 9
Dibenzylphthalate Phth 10
Diisooctylphthalate Phth 10
Di-Noctylphthalate Phth 12
Di-

2
Ethylhexylphthalate 

Phth 13Potassium Perchlorate 
Salt 1Asmmonium Perch lorate 
Salt 2Ammnonium Nitrate 
Salt 3Diarumonium haleite ~l

Ammnonium picrate Salt 5
Guaidie erclorteSalt 6Guanidine nithlrate 

Salt 7Graiouanidine nitrate 
Salt 8Triaminoguanidine nitrate Salt 9Triaminoguan-idine perchrate Salt 10

Triaminoguanidine haudto ',ethylene dinitramind' Salt 11Ethylenediamine dinitrate s,'lt 12Urea nitrate 
Salt 13Hydrazine nitrate 
Salt 14Hexamethylenetetramine dinitrate Salt 15S-Diethyl iphenylurea

(Et~hyl cerzrralite) 
Urea 1S-Dime~)1yldiphenylurea

(Methyl cfntralite) 
Urea 2AS-Dimnethyldiphenylurea 
Urea 3(S)N.N' Di-p-Tolylurea 
Urea 4Monophenylurea 
Urea 5NN-Diphenylurea 
Urea 6N,N . Diphenylurea 
Urea 7Carbamic Acid Ethylphekyl 'ethyl eater

(N, Ethyl-N-Phenyl Urethane) Uretb:ýl
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RW(S)CODE
Carbamic Acid diphenyl ethyl ester

(diphenylurethane) Ureth 2
Carbanilic Acid Ethyl Ester

(Phenylurethane) Ureth 3
Carbamic Acid-o-talyl ethyl ester

(o-tolylurethane) Ureth 4

5

it



19 5 40 z 2 003 lkm Mm ti w m~ 941D 990 w2 74i 70 0 650

-BC- i +4 1

120~72

WAVR6'031 (WOM) , , ,. I

____ 503 2 I~ 03 IFM OC*Y (WM)

lm 00D400 30D25M 200 lw MX) I 12 I= 950 9w 6em o 750 70 0

WAVDG9 ("N4 l I 1



at Z 25~ 585 mo i isFMAOCY (CM)
?2 iS 9 90. um0 am go 750 750 0 0

WAW~ftG0 (650

soo

620

0 5 5 7 AVJ 1Y 0 11 12 )3 14 15

F85Ct"NCY 'CMI,

t o W 5 40 0 W 25 50 2 085 iw o 10 05 I4 120D 85D 950 900 850 Boo 75 0 70 605

409109, El I I

I 2 3 4 5 6 7 0 9. I 2 13 14 iS
WAViELCiTH (M0c5W10) 1

I= 500 4O 3D 2585 2M 9 160 D I40 1285 ]OD 90 9 0 50 8 0 5 0 70

-00

I 2 3 5 6 7 a 9 10 HI 2 is 14 1WAV'frINGO (N-CUGO)



ROV8IANCY (C00
)m 505004 M 2500 M 1800 1600 1~ 200 0 900 900 8m am 750 7no 050

owo~~~ 7: TA 1PEN

1 2 3 A 5 6 7 M A 9 1 I A I

~6O

20

1 2 3 5 6 0 WYLIHM 0 1 2 ? A 1

I= 5WO AD 3000U3 00 2550 160D 10 1200 100 950 900 850 s 750 70D 050

820

120

1 2 35 6 7 8 9 ' it 12 13 I4 1!
WA6ELEGTH (MCROM)5



5FMSCI*Y (CM)

2500w a~ 00 'MW I~ M 9P0 990 110 09 75D 7903 O

1 2 3 4 6 7 8 9 10 11 12 13 14 15
WAV3eat0 (49CR1G4)

Im 00 180 Im r'50m 900 IMS) S 750 0 65

IF7 X

2 3 5 AA'40G11 (0G8) IS I I? IS ~ I



FE04CW (CM
M~ 400030 16 1600 4~ 6W 1 00 9p 9W 950 00 7O 7A 60

20

I 2 3 A 5 6 7 @ (hC 0 10 It 12 13 14 15

WURCY (CM 1)
OW S 4WD 3M 26W 250 5W 1900 16M JAW 1200 100 950 6 950 am 0So 750 700 650

100 7 .t M :[-t W. tt1

200

12o: r---! t ttIV I .-j i
1 2 3 4 5 6 7 8 9 10 11 12 13 1. 15

WAVEOL'OT (M•6ROM)

M 6WM 400D 3000 2500 20W100 IO W 1400 1200 MW 950 9W050 M 6W0 750 700 650)00 l7 Fula ý0N.~ 1
n 4o -14

1 2 3 A• 5 6 7 0 9 )o I1 12 13 h4 Is

S 0s 7 9 9 10 II 12 13 14 i

WAVEOY65S1 (4C9oIwl

FL%6eiW (CM')
__= m 55 000 M6 W 1600 16W 120 KM 90 9m 8MD Soo 750 7W0 650

7 -- 7-

AO:

1 2 3 4 5 6 7 9 9 0 ID 11 12 43 IA s
WAVR94GT1 (NIG01GI



FREQUeYEY (CM')
100 SARE 2= 13000if 200.0P 16W 9501PD II 9900 BMW 85 750 750 0

120 ssI -ý -- I _ iI- L- - ~1

WAVREOGT8 (MIGGE0)

FIREQUIENCY (CM 1)
1O 50M 4050 3(0D 2550 2D IO 1800 160 145 1200 1~000 95D 0D M5 850 750 700 650

-ER-=~-. fit ~ cLZ

40

F 2 3 A 5 6 7 a 9 10 11 2 13 1A I5
WAVELEYQTN (MICRON4S)

"FREQUENCY (CMI1
I00 5OD 5CRO 200 2500 200 K 1 6 00 1M 1200 100 950 900 850 800 750 700 6M0

APA

1 2 17 1 61 7 . 0 1 2 1 4 1

WAV5ELIG9O (MICRERE)



REUOCNCY (CM)

a CQR 4000 230 200 x DO 1 160 120 1~90) 90 900 SM SO 75 700

10 
-7

1 2 3 0 
4  

5 1 2 1 4 1

WAVFMOTH (oocRW) I i 2 2 U 1

low 50D4OD 200 200 100 16 0 2 1202 MW 950 9002 5000 70 7 5
iY C -M. MU Tr -

1 2 2 5 67 8 9 10 1 S1 135 14 5
A0...T"0 (.CR814S

FREOUe'CY (CM)
1002 500 400 300 2500 'OWI 100 2 160 1 1200 100 90 9006 &W0 Sa 750 700 650
10lO WBTARWIYE - tY0 I4 am AT

1 2 3 1 5 6 CW'. j 9 0 11 12 3 14 Is
WAUM16 (CI6a4



0 FREQUEINCY (CM')
I] 5= 40 2 2550 20 I1) 1600 1400 1200 1000 950 900 850 850 750 700 650

0 __ / i•|

;oiII EI i4 fi i i, I { + IE II

1 2 3 5 6 7 8 9 10 11 12 13 14 15
WAVELENGTH (MICRONS)

fREQUENCY (CM'
0 50 4 3000 250 2 00 16 00 1400 1200 IOOD 950 900 850 800 750 700 6ý

__:• L_ 
z__ ,•z -,••,4 

t i • • • _±

u:IK+iI 1 L / Y Ia i h} t 7 7\Ii
I 2 2 4 3 8 7 8 9 I0 II 2 •3 4 5

WAV9 8NO1M )MlC•5)

108i068,,,) -CM)
I • 5_ • 3= 255 -2- ,, I; l. 12,, - 0 950 950 850 850-0...

w 2 3W II 15

"E8066505 (CM
I= 5MAO 002550 200 10 1600 140 1200 Ioo 950 950 10 w o 750 700 6ýl

ýE- Fm - -f - _

2 Lo -3 6 w '1:i

100I
ENfl9~9 C, 5 CAF



FREQUENCY ICAM
I000D 5= 40CC 3D 2500 2 OD D IB l10 UM0 120D lO 950 950' 800 SOD 750 700 650

100 4

IF F

0 2 - ' 2 BO .. 2fZ2277Z

F 7 8 9 1 l ) 4 I

60

40 =17

F 2 2 A 5 6 7 1 9 0 IF 12 13 4 I5
WAVELENTH (MICEOI')

010) SC 4000 30) 2500 2000 FE00 160 1400 1D00 100 950 900 950 000 750 700 95w

0 . . 7T~ y

2 4 5 6 7 6 9 0 1 1I 2 13 14 15

PREQJENCY CM)
lI2 O5" 40C M00 2500 2000 FE00 'CCC IA 1200 C00 9*0 900 850 Boo 750 700 65

rr9 o? , . .L L&?*NC'LM -," bYbNa~

80 . . . . .. . . . .. .

. . . . . . . ... . . . -. . .

70 1. Q 3 14 1

FOW lxK 2 00 1O 460 ý 6m 700 S 9 M 05 2 M 75 Y 50
WAWC ý(trONYL 9 01 MCRm P



FRKENQJE5Y (CM)
100 SM 4000 3010 2500 20 00 W 100 14M 120D 100 950 900 850 000 75.0 730 503

100Z]

* ~ 0z~60"' _ _ tThF ~1' HEI I __I _

1 2 3 5 65. 9 1 1 2 13 14 15
WAVELENG.0TH (MICRONS)'

FREQUENCY lCM',
10W 5 00000 3000 23 200 1oo5800 1600 I'm 1.200 :00 950 900 850 00 75. 700 W5

30 ARSzJ E REi.o ILL 7 O (0 ~ M P16

650

420

12 2 3 5 6 7 89 5.0 1 12 13 14 5

WA00V85.55. (MICRONS)

"FREQENCY (Cm9
1000 A0 300 2500 20030 ).800 1600 14000 1200 COO0 930 90c,00 83 00 730 550 7W 050

N - I~"soi 9 51 ,. 0 . lL0 t~c
094 8 042. 30 [

-'50

AO ''- -. '* -.

1 2. 3 2 5. 6 7 8 9 10 5.1 12 5.5 5.4 5.
4905255.55. (MICRON0S)5

FRIEQUENCY (CM4')
10.0 M~ AM8 30D 2500 2= IBM 5.000 5.DO 120D I'M850 83 0 650 8 30 0 750 7W1 030

o-L1-i-- - "" El Ilir,1

AO.C00F 84006



FUOQUENCY (CM I

1l02 SM 400 300 2500 2MO 100 160D 140D 1200 IOD 950 900 850 800 750 700 650

j4-1

1 2 3 A 5 6 7Wý . , 0 , 9 10 11 12 31 14 I5

1000 500 400 300 230 200 18 0010D 1400 1200 100 950 900 am80 0 750 700 65

1 o --II .I . . . - I . -1i
2 48 

91-I 12 1 d I

WA88008(1C00

51 5 2 3 24 0 5 6 7 ~ a0 120 1 90 91 8 10 13 7 14 7 50 5

)0 
AE N I U

8055109 MC06

40 

v 8

3 4 A5 I 0 6 09 70 10 1 1 3 4 1
WAYR4TH (MORONS

6 7 . 9 10 1 13 t, 13 S 8 7WAVELENGTH'12 
2RIASI



FREQUENCY (C.MO
00 M 4000 3 2500 2000 T&00 160 0 1 1200 1000 950 900 6m0 800 750 700 6w0

' LI H • • . . - - .:c
60 1--__ -

20

1 2 3 4 ,5 6 7 8AEL1 9MCGS '0 12 13 14 15
WAVELENGTH (MICRONS)

FREQUENCY ICM '•

0000 5MOO 4M 30 2500 20 800 1800 16 0 0 1200 c 0o0 950 900 850 800 750 700 650

260-3 4 - 6 7 . 9 . 1

20-
40 . . . .- .

1 2 3 4 5 6 7 8 V 10 II 12 IS IA I5
WAVELENGTH (MICRONS)

.. .QUENCY 
Cm ".

I %wo 400D 30D0 2500 2 1800 1600 400 2 00 '0 950 900 8 900 750 700 05

au Hrr qV0MS

-t .0 . . . .. . ~ • • ," " i : . . .

600

i 2 3 4 5 6 7 8 9 I0 11 12 I3 IA 15
WAVELENGTH (MICICONSI

FREQUENCY iCM

IOLOL M500 0 3000~ 2500 20 100 a 1600 .1W 1200 9~ 50 900 850 80 7m)0 700 650

loo~05 PH4 E. iv7 .3

60

4 6



FR.QUENCY Cc

10000 M A 400 35WD 250W 2 180 1600 140D W 20 100 90 900 850 So 750 700 650

too tfC:53s0~tf.HtNC 501mTITOb5 AnNE k v 0 k .A T o ~Tr~

* - -71.7

2 0 - - - : .- -

1 2 3 5 6 7 9 I0 ;1 12 13 14 15
WAVELENGIH (MICRO7N$)

FREQUENCY (CM

I 00D 0 5000 00 3000 2500 2000IW 0 )600 14W 0 1200 1o 950 900 850 9W 750 50 T 50

:0 /Z E, h -

i 2 3 A 5 6 7 9 9 i' II 2 13 14 15
WAOL.NGT' (l"ICONI)

FI9KUENCY (CM )

io ' 55W 4000 3000 25WD 2000 1800 1•9x 140D 12•5W 5W 950 go 850 8a0 750 700 650

. , ,A'PC . . .. . .13c.: , v 4 4 dS.. .. .i ..... ... .. I .. •. . .. . . .

17 t -, '- - ,'I 'r: : + ;i r i •,i i l

W9A99LE0019 14180I 91 II 2 d)40Kk
tIQf -t.M I

0• .. . ... ._T t .; I • . • ! . •i ..i T• - . .

3 A 5 6 7 a 9 7 1i 12 1 ]4 15
WA96NGTH (MI29CR91ONS3)



FRWM8UCY (CM)

OM 500 25 3 00 2M 00 1600 160 140 125 100 950 9m 850 800 750 -700 650

3 8 2 26 7l' . . .S . i . 2 .

so - - - -

I 2 3 A 5 6 7 B 9 10 11 12 13 14 I5
WAVELENGTH (MICRONS)

- FEQUOENCY (CM
EM 50D WD30 25C0 200 1800 1600 1450 1200 100 950 900 850 900 750 700 950

7- .. L EL v L

04 1~ 1T T--

I 2 3 4 5 6 7 8 9 10 11 12 i3 14 Is
WAVELENGTH6 (I6CRONS)

FREQUEN9CY (OA

mm 5509 I= 300 2500 200 18W 16M 14 1250 100 950 950 0 Ow 80 750 70 65

10 DI l OC AhNT, L .p -

1 3 4 5 6 a 9 90 I1 12 13 I I
WAVELENGTH jotmCI*H



10 50 4000 3000 2500 20 10 IO 0 1 400 1 120 mw 950 900 6 BOO 750 700 650

T1111 CEL :11111 E ýT - .

20 'ilzz ]H_
1 2 3 4 5 A 7 0 9 10 11 12 13 I4 15

WAVELENGTH (MICRONS)

FREQUENCY (CM ')

0(000 5050 4000 3M 2500 2000 110 9600 400• 2i0 1000 050 900 050 05e 750 700 650

Soo7 0 E jr-+

20
A

2  
I 4 -'• !

2 1 0 5 6 7 O 2 13 )4 15
WAVELENGTH (MICRONS)

FREQUENCY (0C

1= 5051141 3(00200 2n 100 in0 400 i200 lOO 950 90D &830 o 750 750 050

- . ' ._ _• k L . . . ++.; i/ - ! 2 L- + - -+ -• -

404.

I 2 3 4 5 6 7 9 '0 '1 12 13 14 IS
WAV 9G041T9H IMICRONSI

I= ICC, M~10 2500 20M 150 1600 I 4I0 1200 1050 00 M 000 850 am 750 700 650

I d 144.IitI -1 HI22 42TI f

9 . . . . '•- i . 64,- -.. .... 11S i F- - • .•+ - .. .+-- -. . +...

I 2 3 4 5 6 7 9 0O II 12 3• 14 IS

WA60C9 6(00



"'PG""CY (CM 4)
10I XW 4G0 3 2500 2000 T1 00 1 00 3 (AD 200 1000 950 090~ m9 400 750 700 650

0 LE
Mal 14a L-i

'o .-. .. ..- i

1 5 6 7 H 9 10 1 12 13 14 15
WAVELENGTH (MICRONS)

'REEUENCY (Cm )

im 5OW ADO 300 2500 2000 1~ 800 16 D 100 1200 1000 950 9W5 85D 800 750 703 650

-R an tmK Lmj~i n *r- LIC LO I

tTý

120

WAVELENGIH (MICROWS)

mm A 30M 2500 2= REOUEV95V (CVI I

100 5r7 1200 -250 203 I 10 40 20 000 9K 09w 850 050 750 iC 9

Vo0  -4 tJ

t600

-- I I - -TI I

WAVELEWGTH (MICRONS) 10 1 2 3 i4 5

2= I 1ý0 FR8ENVVCY (CM)
KM 0 mm 50 0 1~2 ~ (80 ( 200 100 950 90 90 03 999 7- 50

40 - - --

_ 2 4''~ } 5
WAVE&8lGTV (M 9C to'2 13 4)



FREUOLCY (WM)

a w AD IP 1 600 14O 1 20 1 K ) 950 900 W5 806 750 750 650

;i't t T2_
1 2 3 A 5 6 7 6 9 1 11 12 13 U 15

WAVEL0GTH (MCIMF)

FREDURCY (CM 1)

IOD 505040A00 M 23050 0 2=5100 16060 1400 15O10 50 90 8 8 0 7 5D 00 5

loo - =t- .'g

_L" 
OMWI ~ H

120 - -

1 2 a 1 5 6 7 1 9 1 0 1 12 IT IA 15

D66UENS C'.

100 5= 400 000 2500 2000 180 1600 400 1200 700 950 900 850 8W0 750 700 650

' ...... :... T..,-. ., : -... .

D>1 hS . .

2 4 9 7 8 9 10 1 1 13 Ia IA 5I
WAV966N2519 (MICR046



FREQUENCY (CM'
I= m0 3O 2565 LOW 1865 l1 65 265 1000 950 900 850 800 750 700 650

18C0

40 2 1 3 l I 9 101112 4

WAVELNGT (MICRONSI

FREQUENCY iCM It
Im M 4000 3 0DO 2500 2= W 16 00 1 4005 4 120D 100 950 965050 8 080 750 700 602

- ýThlR0NISOL. E 170,IE L0C - 9

L40 - ' -

1 2 3 4 5 0 7 0 10 IV 1 12 IS 14 IS
WAVELENGTH (MICRONS)

FREQUENCY (CM')
100 500 4WD 300 2565 2065 180 16065 1400 1200 60 950 95020 M 065 750 70D 65 02

mo 
A -T-08

1 2 3 A 5 6 7 0 9 0 1 2 I3 14 15
WAVELENGTH (MICRONS

T1EQEQNC1 (CM
am 5m 400 3m 2500 2000 100 160 10 265 100 950 9065 8 800 701 7006502

-0 4 -,F NI fl P C
A? 4? .4~ 61IKZIT  V- - 44~A j.~.iI zz2-4

* 12~~~0- - - V- -

1 2 3 4 5 6 7 0 10 1 2 13 4 5
WAVELENGTH (MICR0NS)



FREQUENC (CM'
100 M~ 4DO 3O 250 20D 1800 1000 400 1200 100 950 900 050 BO 750 700 650

I0Cq I- f AL TJH

1 2 3 4 5 6 7 8 9 10 11 2 13 14 Is
W4VELMNTH (AM1CR00)

loom0 MC 4000 30D0 2500 2000 1800 10 M 1200 009090 5 0 5 7 0650

W Km _k _ NZ _ I T

1 2 3 A 5 0 7 8 9 10 it 12 13 14 IS
WAVELENGTH (MICEOW0

FREQUJENCY iCM-1
1000 50M 400 3003 2500 2 000 18 00 400 IO 25 100 950 900 050 Soo 750 700 900

ý8 . .. .

20

2 3 4 5 6 7 '0 11 I 12 13 11 15
WAVELENGITH (MICROWO

FREQUENCY (CM)
IOO 5000 410D 3000J 2500 200 19D 160 1400 1200 lo0 950 900 050 So 750 700 650

I 'F T  71
-0 VA,

6A0ENT MJO0



I 5000 4000 3O 750D 200 1800 160 140C 1250 lOD 950 900 050 800 750 700 650

l50o* ~ ~ ~ ~ r H ~~~tr I

1 2 3 5 6 7WAEO T (M 9 0I 1 12 13 $4 1S
WAEEIT MCRONS)

FREQUEN4CY CM)
10 500 30OU 22500 2wo low 1 40 0 I 200 100 950 90D 950 Boo 750 750 650

50 - -- - *C Opl0

WAVELEN4GTH (141(80850

1000 500 400 0D25D 2 S 160D10 0090 00 50 B 73 70

105

960o

'D

1 2 3 5 6 7W M 11 tM 9 IS I 2 iM1

X= M 0M 3M 2550 2O ISM 1600 IAO 120 kC 90MOI5 e 0
150015905 ~ 85 5

II T -1
120G C88



FP'Q'IJENCY (CM',
10000 W 4000 54W 2500 2000 1800 160 14W 1200 C000 950 900 050 000 750 700 650

on -• -Y -••-•-f • - • - . . - -f- T --- ' -- -•-'---' -roc --LR H.-+.----.9-.- J

'77ilAPl

~~~~~~~~~~A 11 GI. AL N F _ " ' • [ • I [ I

050 - -1 4

WAVELENGrTH [MICRONS) 0 I 2 3 4 I

FOEQUENC C,-'/h
100 5500405 3000 2500 20W 100 1=0 0l•0 14C0 1200 14W0 950 95 050 OW) 750 700 050

70 -4

•60 . . . . . i. .. . . . °

A. .. . if ,•: : •. .

02

I 2 35 6 7 0 9 10 II 12 , 14 I1
WAVELENGtH (MICRONS)

FIOQUENCY CO',

I00 405004 3000 2500 20050 1800 160W l400 1200 mO 050 9000 m 85 0 0 750 700 650

1.00 , P ?•,. .
60 -• •- -

:40 . !rc-c-i-tVmA; .

0 8

1 2 3 4 5 0 7 a 9 '0 1? 12 3 'A IS
WAVELENGTHi (MICRONS

FREQUENCY Cmý
10000 5000 A00 LCO W 2 500 00 1800 l6OD l400 127 00 950 900 85 WO 750 700 050)

00 - j 6,ikNP 5LrE E i i

20-

I 5 A6 7 0 0 '03 I 12 3 4 1I

WAVELENGT H iCONSCO



FREQUENCY (CM)
IOD 50004000O 3000 2550 2020 950 1600 450 1200 1000 950 900 850 900 750 750 6,50

100 Nj RoioLu NC r4 E - T
80 :0 5 7 -

-89~ I

AO0 - -

1 2 3 4 5 6 3 9 10 11 WO1ENI 13C14 t5

FREQUENCY (CM)
100 5000 AOO 300 2500 200 1850 1600 450 1200 IO 950 900 8)0 8W0 M5 700 900

110 -IT L
7

¾Y 8 R a~
2 

U

~80 -

920 -.--

1 2 0 4 5 6 9 10 1 2 13 14 I5
WAVELENGTH (MICRONSI

FREQUENCY JCM)

1000 50000 400 3020 25 00 200 1800 1650D 140 1250 100 9510 00 950 800 750 700 Y0ý

Ioo -----, 'I~ N- .-F -- 5.5 --ý1 : T'6`O

N R OI

.5 I-i 6 7 81 ' 3I

WAVELENGTH IýaIC809JO

FREQUENCY (CMI

i5050 -50004000 30) 200 2600 IO 1 62060 450 1200 1000 950 m5 5 0 75 w 0 5

'00 - .-

-60 -

-I-

I1 !4 3 I

500185ENGSY iliC0.6IC



... 6096905 (CM)
LC00 00 1M4000 3000 2500 2001 1WO 600 100 1200 001 900 9m0 630 800 750 700 630

10 - 2] I. . -

020 -2

1 2 3 A 5 6 7 6 9 10 11 12 13 IA 15
WAVELENGTH IhMICROE)

1000 0 1 I 301D 2500 2OX100 01600 .00 1200 01 930 900 630 801 750 700 &30

.0

020

WAVELENGH .14910060

1000 360340 i0 250 2001 180 1016 00 AO 1200 101O 950 90 630 01 730 700 6

402q

I 2 3 4 5 6 7 6 9 10 II I 1; 14 i5
WAYELENGTH 49106096)

10000 5001 301 2500 m 101o 16M14 1C200 1010 930 905 630 801 5 0 5

60 -w t J f i
WAV601.0TH ITMCfl6,1)



FREQUENCY (CAI
10000 M0040 ADID 0 2500 2000 1005 1600 1400 1200 lOO 950 900 850 800 750 700 6,50

14. 

-5-I,

I Li

1 2 3 4 5 6 7 8 9 10 :1 12 13 14 5
WAIEUENGOTH (MI0CRONS)

FREQUENCY ICY,
100 500 A00 300 2500 2000 1800 8600 140D 1200 100 950 900 850 Boo 5U 700 650

--G0 - - - -- I

80 
UI

I 2 3 4 5 6 9 0 0 0 1 12 1 4
WAVELENCIII (MICRONS)

FREQUENCY (CM
100 300 400 300 2500 200 1~800 10 400 1200 9500 M 95 00 850 a00 750 00 -

100 - ,- - - - o-

i~id

i 2 2 5 6 7ý 81 91 '0 14

loo M M 00 2500 20M 190 lw 1" 1200 100 950 000 850 800 750 700 6

~20I t

WA98t8NGI88 (080")



9IEOU98•0Y (lM )
IomX 50 4 30 2500 2000 IO 1600 00 1200 I0D0 950 900 850 800 750 700 60

'00r

80, :. .

20~f
i 2 5 8 5 6 7 8 9 0 I1 12 13 14 15

WAVELENGT8H (MICROINS)

FR[aUENCI (CM')

000 5006 D 30 2500 2000 1 1 600 1400 1200 1000 950 900 85O a 750 7 60

00

SI P --

I4
o20,- --- _ -

2 2 3 8 5 6 7 8 9 01 1i 12 13 A4 15
WA5V.ELENGTH (MICR9O)

fREU•ENC6 (C.

01100 1 40DO8 300 2500 2000 1800 1600 800O 1200 950 900 850 o0 750 700 65

90

06i Q:6l - , 7i I :

:• "• -'- • I . . . ....-~ -7 .... ..

.0 1 v -, I ,. .-- v .

i......t.-7 , t: i -

i 2 3 4 5 6 7 8 9 10 Ii 12 13 IN is
WAVELENGTH (MICO9)

888096600(CM I~5M 4M 30D 2500 2MO IBM 66 100 1M 2 000 I950 900 850 750 700 650

-i A It~

a 9 30 51 6 8I 14 is
WAVRELENGTH (8606046)



FREQU69CY (Co)

I= M 4W 3000 2500 2000 1 00 I 1400 1200 1000 950 900 850 am0 750 700 650

2 3 4 5 6 7 8 9 10 n 12 13 14 1I
WAVELENGTH (MICRONS)

OREQUENCY (Coo'

I= 4MO 3000 2500 2M 1800 1400 1200 IO 10 950 900 850 600 750 700 950

ý4 Ni-t PCll ýNZ IC N-I-
I AAI

120 ~'r'

±2 3 5 6 7 6 9 10 II 12 13 14 15

WAVELENGTH (6MCRM6)

FREQUENCY (CM I

IO[ 5000 400D 3000 250 20D0 IBM 1600 I400 1200 10 950 900 950 9 0D 750 700 5o0
100 ý, -L9 kyI 7

- a8 O L• - '- t- - , - • ,- T -- {-t - F - f -1 + -* - . . . - . .

6L -" iI 
5 1 1 -

- II 

I

1 2 3 4 5 6 W 6i 9 IS i '2 I 4 15
WAWIEFNGT94 166IC1090

FKhU9Cy (Cm I
_0I= 5 X_ 3MO 2300 2WO ItiD I6 Iw 1200 I• 950 9w 60 00 750 75O 95

,---- • .. . . . . .r" t .. . f . . . .I

R5955079 a m ~ G

1 2 3 i 1 6" 7 tIo I 11 12 13 11 1

WAVRIIlonWA l6)



"=5004W (CMI)
KM 5 0D 3O250 2W5 ISM 16 140 120 M~ 9 96 85D SM 750 700 650

10 - - - I- 1. .

80

60 +2 2 -10 I 2 2

C40 - - I

14-1

FREQUENCY CM-
IODO 5000460 300 X 256 2000 IBM 1600 10 126 60050 9 65D9 M 85 0 0 750 750 650

p8 017TO.. -07

s0o

7~

020 _N .

OROQUENt 77'

1 2.3 5 0 ~ M 60. 907 99~C I.0 110 12. 13, 14r 15

~0 fy -)~) ~ 1u - - -~ .- -. 7

'00 ,ýIP UltA .l P-ý l

0*

2 3 9 5 6 7 8 9 10 1. 12 13 IA I5
WA010991010 (M60650

OMQOJEO90 CM',
IOODD 5604OW6 0 050 25M 001 am 1600 w6 1265 00 950 065 050 460 750 700 05

014 .1&AI.CN. 010901 An 9919 4101,0

80

~20*. . .

1 0 1 7 6 0 0 It 12 U Id 15
WAV65089851 IM9Ct0MI



FK02IEHCY (CM,
ITM 5050 A 30 250) 2000 1000 1600 140 1 20) (000 9w. 90) 650 900 750 70) 650

6500 - - '-1-

2802

1 2 5 6 7 8 9M c10) 11 Q 13 1

A0)0u6NCY (CM'1
10000 MW 4M 30 250) 20D1(010 1600 140 200 0)0 950 900 8510 80) 750 70) 550

40

20 J

m~h t-r--- - i- .

3 2A 5 8 9 (0 11 12 13 (4 15
WAVELENGTH 881CR090(

FREOUONO CM'.
Ilw 501400D 3M 2500 2000100016(00 1 (20 1000 950 900 650 80) 750 70) 8510

PAR KRN(VMKOcHNL AjlI(4E H Ili

2 3 4 5 6 713 0 I ( ( 4 (

"9MW7C8 (CM
X= 1 -M 4 0 0 250 201 101 60) 16 40 1 (200 (000 95 900 550 01 750) 80 50

*w -- - F
- - 3 W- (I ( 0 1 2 t2 14 15



FREOUOBCY (CM')

I 40 5 00 30 200 o 25 1 000 10 1200 9 o00 90c 0 a 0 750 7• 9 650

_1 4-4 1

0 i , T: _

1 2 3 4 5 6 7 9 9 10 11 12 13 14 15

""'OUD"E"y (Cm)

tooIOODO 5000 4= M 2500 2DO 1800 1600 14 12M 009090 w 5 0 5

P:° , _

9800

I 2 3 4 5 6 7 8 9 10 11 12 13 1 15

W A V9 .5I OI h ( MIC IM M)

"'ROICY (CM')

o1000 50D 4000 30 5 2500 I 1 600 1 400 20D0 91 0 9 00 850 OD 750 700 650

870

j60 C < vv
7 1 A 5 6 7 WAY64 TH j t 1C9 to It 12 13 IA i5

F9i2LU"V 
(CM)

9 M 5 00 4D- 3D9 2-40 2m 10 0 1 M 10 200 100 950 5 90 0 am w 5 0 5
to0 ..

"0- +--=- •

S9- 6 9

Z1 Z 6 WAVt VM 10 12 3
W6019C69CM) I



FRENSImCY (CM')
10 5 0 0 2550... 1400 ......1... 120D 1000 950 900 850 800 750 700 650

• v4--d-• •ii ! ir 6I I .; IiZ

WAVRE0GTH (MICRONS)

FRE(2UENCY 
(CM')

S• mAO 4 5050 2550 S00m 1850 1050 1450 1250 100m 950 950 850 850 750 700 5

-- , - - - - o .. . . ,, i I I. -
-

.

80I

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 13 1 4 I s

WAVELENGTH (AMICRM)OS

FREOUBACY 
(CM 

')

= 50 40C0 3000 2 550 2 m 18M 1600 140 0 1200 10C m 950 900 850 850 750 700 650

E. 21 PU Ej

1 2 3 A 5 6 7 8 9 10 II 12 13 IA 15

WAVELENGTH ( MICRONS)

FREQUENCY (CM)

I =• SW • 3000 2550 2 m 1800 160 1400 
Cm 1 950 900 850 C 750 700 650

-, -I I i. - I 8t ll dl lL . -*-CP,--

AL 

'0A0C 

S

)II I I I :I : lt "AI - . ...

1 2 4 3 A 5 6 9 10 II 12 13 1, 15

WAVVOGIT (hCRAIOC )



FREQUENCY (CM')
1 5 4000 3000 250 2000 1E0 600 1400 1200 It0C 950 900 850 B 750 700 650

"•2 -.-- F ~ J �-'E ALI h f ý. .-r-,-- -

--- ! iL ;L; • IL; IL ,Ii• IL; Ilt I .
I 2 3 A 5 6 7 8 9 10 tl 12 13 14 15

WAVaENGTH (MICROfS)

FREQUENCY (CM )
WOOD 5000 --5 30D0 2500 2000 1800 1600 1400 200 I IP O 950 900 850 N00 750 700 650

I v I I I IV

1 2 3 4 5 6 7 8 9 I0 I1 12 13 14 15
WAVELENGTH (MICRONS)

FREQUENCY (CM I)
10000 5 4000 3000 2500 2000 18W 1600 1400 1200 1000 950 900 850 800 750 700 650

250 --V

I 2 3 4 5 6 7 8 t Io II 12 13 14 15
WAVYEBIETH (MaIRONS)

"MFE"ECUY (CM 1)
I(o 5W0 AM 3000 2500 2000 I80 W0 lAOO 1200 10 750 900 85 W 750 700 6m

too ---- -- - -.

I 2 3 4 5 6 7 8 9 11 12 13 14 15
WAVELENGTH (CROW)



F50OU04cy (CM)
IVcp 4500D 3 NQ 2w5 15 0 O 200 111 9ýO 900 W50 95 750 700 650

1 2 3 4 5 6 7WAUCI8 9MRM 10 11 12 13 14 15

... QUENICY (CM,
MM 5OD A4D 3WD 2550 20D 180 1650 400 1200 l00 950 900 650 800 750 700 650

.9 1 -

560 -

00

1 2 3 4 5 6 7 a 9 10 11 12 13 14 IS
WAIMLENOO9 (,41CRW9)

102 0504 300 2550D 200 18W 60D 145 1200 100 950 950 850. 650 750 7500 W5

0050 77

1 2 3 A .1 6 1 10 11 12 t3 1, '

Sm 40 0 2200 2000 1 050 160 1 1200 Im V50 90 80 w 5 750 750 650

too F ;77=: == -ý

WAVLMYNV (4G094)O



MOD 5M2 4AD 3000 2502 2020 10M 16002 42 1200 100 950 900 850 800 750 700 650

00',- I R I UI)L G Y E INE~iiI~~T fR Tr

-95,-,,- -- v -I

I 2 3 A 5 0 7 8 9 10 11 12 13 IA Is
WAVELENGSNT (MIC~owY)

FRE QUENCY cm,1
I0000 5 00 0 AOD 300 250D 2D ID 180 16 0 2 AO 2020 950 902 50 8 00 750 702D 5

I00 18fR'bR -01iU T I (CINE NTB WWATF'PIW

697 90 I I

10 7

0 - =L

I 2 3 4 5 6 7 8 9 I0 Hi I2 I3 IA IS
WAVELENGTH MICRON

FREQUENCY ICM'
innn 500 M~ 30 2550 2020 192 16002 402 52002 0 950 900 850 800 750 700 650

-CAP I1090A Fl7 2

~0 . .~ . . . . .

I 2 1 5 0 7 R 9 IS V1 I2 IS IJ IS
WAVRIECH ýMICROEG

FREQUENCYcm-1
,a, 1)03 fO) J" 2502 low0 16M08 1 1200 000 950 9w2 850 900 750 '02 W5

I hilob~sob.~j,ht t90¶N LV.f 5W&tRTI p5O 8I(oJ'[

.4 . ."0M

80 .4V4 J .p'.7. . .

In. 20... 
.

. . . ....

20 . ... . . . . . . . . .

I 3 5 0' 73 81 9 V I I5iA I



1I( .050 4•002 3S 2,500 2002• lENS 40 20 lO9. 0 • 80 • 70 b,

FREQUENCY (Cm 9

IO- i00 0 40 M 3000 2500 20D -IBW 1600 0 95 900 850 80r 750 700 650

-R i / T 5 1Pl ,

040 - --

020 -I ~ ~ ~ 1~~~

-F '-; -- -7 ' I .

I 2 3 4 5 6 1 8 9 I I 1 2 13 14 15
WAVELENGTH (MICRONS)

FRE•QUENCY (CM )

E0 SOD 4000 3000 2500 2000 1800 to EOEANC 120(0 ID 950 900 8950 75E 70 650

800

-69 .t 1,1 7

S -- N - 724rN8 -- , -" . ..

< 2 ' .. . .. . .I] I i ! !i p3  -. . . .

0-- - -t

br:-+• ... --- 1  77> q 'UJ" I . . .

1 2 3 4 5 6 7 9 9 0o I 12 13 4 I5
WAVELENGTH (V CEONTI

fRtEQUENCY ICM
I0000 5" 0D O 0 2500 2 18o 'EBM 14ON 12N I01 950 900 850 ROO 750 050 T

RI>' w UTY A~PH4'T w-iýL

1. AU --

I00 F':--............... ................ •. .j ..... . .j . .

44
WAVELEVCIV (MICRONS)

EREQUENCY (C.M
1100 S 000 AIX oXCN 2000 1800 I600 IWN IONS 000 950 OX 40 8 o 8C 750 AIl o

>~ ~ /o~sr'/'IJUI~. PýACT'CA, U$ I "d

4 I

* - ooI t . . . . f . . . -il . -i , I, - • • -" [I

t5 5 6 7I 12 I/ 1A IS
WAVf.E40TIH (MICRONS'



FREGUENCY (CM'
10I 5050 400 300 2500 2000 850 1600 1450 1200 100 950 950 0 sw Bo 750 700 650

250

1 2 3 4 IS 0 1 1 3 1 15
WAVEL84JG (MICROMI

6880E9C9 (CM 1
12000 5 A050 4 0 3 2500 2DO 1850 1050 1450 12DD 100 950 950 80 W o 750 70 65

240 F -F1
--I- _ 7i

I 2 1 4 5 6 a 9 IS Fl 12 13 I4 15
WAVELENGTH FUICROMI

FREQUENCY (CM

1C" 50W_4"C 3"0 2500 200 1800 1600 1400 1200 100 950 9500 80 80 750 750 650

5099685955 FM C8 9 10 1I 12 '3 14 Is

188098595 (CM)
10kXj AIMVAA 3" .55 00 FF50 1650 FjAC 1250 390 950 8oo 850 sOW 750 70 50

-60 f- /N-

3 2 A 6 7 8 9 I0 II 12 13 14 IS
WAVELEWGTH FMICRONLS)



11EQUENCY (Cm'
Ioo~ 50D 4DD 300 2500 2M 180 1600 1M 1200 100 950 900 850 Boo 75.0 70D 650

100 )IS fFVL I Yi

-- IL-V 4L-4)
110- tr< jj'

3 4 5 6 7 8 9 10 1 12 IS ]A I5
WAVELENGTH (EACROGH)

FRE9200NCY (Cm)
Imo 5~ 000 ADO 00 2500 2C00 1850 1050 1400 1200 100 950 90D W5 800 750 700 64

AIDI

1 2 3 4 5 6 7 8 9 10 11 12 IS I4S1
WAVELENGTH (MICRONS)

FREQUENCY (CM)

10000 5000 295 300 2500 2000 1800 9600 1400 1200 100 950 900 950 B50 750 700 929

g 80

680

00 t

I 2 3 4 5 6 7 a 9 0 11 12 IS I, 11
W0AVELENGTH (MICRON$)

FEQUGENCY (CM)I

IDD 500 A0W 300 2500 2000 8900 1900 (400 1200 100 9 53 900 B50 600 750 7W0 90

~~80A fkI kK, 'HTi¶"~ T Lt/'
910- 

~

1 2 3 1 5 6 7 1 0 21 2 I3 2 4 15
WAV.ELENGTH (MICRONS)



FHE'iC (C659
1000 500 4OD 3000 2500 200 19D a6 140D io 100 0 93D 90 85D 0 750 70) 6501'0 t SLE~ MOTE irtCuWHI 1f

WAVLEGT = MCRHO

FREEGURC (CM)I
ID 5DA00 3000 2500 2DO105 0 l 60 I 430 1200 100 950 900 85 0 0~ 750 700 650

99I PI THI LA1 K BEL~fT

z -4

601

40 -~~-2r

3 A 5 9 7 8 V, 951 4 I
WAVELENGTH (MICROKS)

FREQUENCYV (CM )
100 500 400 300 2500 200 18CO 1630 1430 1230 1000 950 900 850 830 750 700 650

ISO T." LA -. TI -BE

1 2 3 4 5 6 7 8 9 IV II 12 I3 I4 I5
WAVELENGTH (MICRONS)

FREQEN8CY ((A)

5000 4M35 0 DOC 2500 200 1800 1600 1430 1200 I=Y 95 930 85 so0 080 750 700 650

loof ~4U L. DEI 1 7fT~ -V C. M.F

I -

ALI-

.1- ul451 7
WAVELENCIV (MJCRaIH)



'nRGU'Cy (cm
ICM 400 00 25M 25W 5 lOD 5 1200 050 950 9005850Boo 750 0 65

)Do ~.2

1 2 3 A 5 06 9 10 11 12 13 !A 15

WAVRELENG (,LCROWE

MQEEGJEC (CM')
ICM 3M A4O 300 2500 2000 1900 V IAO 110020 5 950 900 050 000 750 700 650

1 2 3 1 5 6 7 8 }9 950 05012 13 47

WAVELENrTH (MlCEM)

OREO2200CY (CM
IDO 5000 4000 3000 2500 200D 1800 160085 (45 1000 95 0 0 5W0 5 0 5

1 2 3 A 5 0 7 0 9 10 11 12 13 1. 15
WAVEtEWGH (MICRONS)

9PEQOO8cy (cm'
am %MW AM 30 2500 2W0 IBM 16M 1400 1200 105W 950 900m 0 750 7D

600 ---

120

I 2 3 A 5 6 7WAR 7 Aa9w 10 11 12 13 1



FREQUENCY CGM'
I= 50004000 2500 .200 86O 16M 10D6 1293 10P 930 963 30 106 730 7630 5

ioo . . I p .. .I. 1

'60

...... . .t

1 2 5 6 7 a 10 11 12 13 74 I5

900QUENCY1CM-
0100D 5030 A4( 300 2563 20M 180 1600 LAW 1263 100 950 900 630 863 750 700 630

'60

1:40

0 ..l ~ . . . .

1 2 3 4 5 9 7 9 9 10 11 12 13 14 I5
WAVELENGTH9 09CROP4)

FEAQUENCY iCM

I0o ý5014000 5300 2563 200 IM 16M OO 120D 000 930 900 850 8w 75D 700 600

20:

0 5 9 7 9 10 1 12 13 1. 1
WAVELENGTH9 94ICK0l6



Rii8QUENCY CM"I
I= 50D 400 30 2500 20D IM 1600 400 1200 1000 950 900 850 000 750 70• 650

[8I-- --- N----T A - -L-+ -~T~ ,- - o• ' r--• --- • - -- -- -

looK

i 2 3 1 5 6 7 9 10 11 12 13 14 15

WAVELENGOH (MICRON6)

FREQUIENCY 1CM',
10000 5000 40 3000 2500 2M 1800 1600 0 1200 O950 9 00 850 M) 750 700 650

"1oo 5RIAM.N0oLJI•i -A M 1 TRAC 1• •0 AT, 0 ooo 6RD

S . . . . . . . . . . . - --- --- - - -..

t: . . . . . ..40840

102

I 2 3 4 5 6 7 6AEEL 9C`C6 10 11 I2 13 14 I5

WAVeLENgTH 60IC8006)

FROQUENCY 
tCM',

I00 500 400 30 200 25W 2 ~000 1800 1600 14C 20 00 0 9 50 850 650 750 750 o 650

I0 6 '0 !1 12 1
WAVIELEWGTH (MICRONS)

-00 1 MN4Al~~ tl;LQAIF

1 2 3 5 6 7 8 0 10 I1 !2 ' 0 IS
500061NG19 13(M 0665



p.QL04cy (CAI)
I=~ 5OD 4M 3000 2250 00 MW O "5 1400 12DD 100 950 90D 850 SM 75D 700 650

60o ,'PJAM.OR78 1 0 MM, 5%-

20 3 ;3 0 7

A V-M,-

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
WAVELR41H (MI08a7)

FRE0LINCYICM',
100 50?0 0 0 3000 2500 21M IBM 100 W0 270 00D 95D 90D 850 000 750 700 650

00 DJiP?- t-T'-ýL MDIMIN 11-1

60 -

7 - - - - - ,-----

02-

1 2 3 A 5 6 7 8 9 10 it 12 13 14 15
WAV8089039 (80070.)

lom 0M40DO 30D 257 200 M 100 1~ 00 2AW 0 20O 950 900 8W 870 750 700 600

100b.o NIYýW E E- .74TTE .40... 9.

'o0 . . . . .. ... . .. . ...- .9

2=0

I 2 3 19 3 06 9 10 11 12 13 It I5

FW,0UWCY.CM',

Ioo 570M = J 2570D 20D0IO 100 )ADD 100 125 000 950 900 w5 800 750 750 650

(.0D97AAI&E Ni!P4f[ M ;Po.. .....
60 998. 7MM . - . . . 4

1 2 0 4 5 6 7 8 9 10 1I 12 13 It J5
0066908901 (9908706)



FREU84VC (CMI

25M209 O IW IM tAO 10D I 9 50D 8% 9 750 700 650

-60 4- 1

1 2 35 6 7 8 10 1 3 14 5

WAVftEMGTH (MICRONS)

FREQUENCY (CM 1)
I=, 500 4M 30 2500 200 1~000 10 1409 1200 100 950 900 850 9OW 750 700 6505

1 2 _ 1 5 6 7 L 10 11 12 13 4 151
WAVE60EJG99 (.ICR0951

mm W M 3 250 .~ 00. 1. 1 1200 1000 950 900 650 80 75 700

--00-I- ~ 11 EHC-( LrT) K11MLL

-' I ffi-~ ~ t4 k .~ 
7

r-s

2 35 6 7WAYF9ENC (MICMC95( M 1; 12 I3 14 IS

FREQUENCY (CM )
IM2 50M 400 30D2 M ISO l6 1401 1200 low 950 %05 050 ow 7,0 700 650

100f 2  
- L HF k

-7
CRY-

1 2 3 1 3 II I7 l] Id 12 1 1 i
WA6510ITH (M910NS(



FREQUENCY (CM)(
I 4 35 0 2400 20C0 1000 16 1400 1200 1000 950 90 850 8o0 750 70D 650

60

1 ...•80 --- • -- 1~420

7 8 9 10 II 12 13 I4 15
WAVELENGTH (MOCRONS

FREQUENCY (CM
1000 Mo 4000 oo 2!0 20100 I 60 1450 1200 1000 950 900 850 O 750 700 650

80- z j

1 2 3 2 5 6 7 8 9 10 11 12 13 1, 15
WAVELENGTH (MICEONsC

FREQUENCY (CM 1

loom 56000450D0 3000 22500 20M01650 1600 1400 1200 1000 950 90D 650 85 750 700 650

~o 1I-N ýl L

960~

WAV9E950TEI7 8 11 12 13 14 1

FREQUENCY (CM)
1000 56042A 3 2D) 200 IWO 16M l 1200 1000 650 900 850 OM 750 700 650

( T~E 14'm

60 20 t

020

WAWEkENGT. 189CRCH60



... EQUENCY (CM')
m 4m) M 2500 200 190 )60 W 12DD 100 950 900 85D 0 0 750 710D 5

OC[1U L~~~ f
-4------

VC 
All-

X60*I'
-.. 1.- .

1 2 3 A 9 10 11 )2 13 IA I
WAVELENGTH (MICRONS)

FREQUENCY (CY100 5M _O 3000;2500 700IO 10 10 2O ]D 950 90 850 90 50 70 65

1-C--~-A~ ~ 1

80 ArLA.

1 2 3 4 5 6 7 9 9 0o 11 U2 I 14 I5
WAVELENGTH (IFCROYASI

FREQUE,ACY (CM
10000 5M 4000 550 2500 20D0 1800 1600 14M 1250) 10050 959 900 6850 600 750 700 950

"A) P ENYA.RýA. K 11 LatFO I ,.,, :v.

-40 t N A V N

3 ~ A 5 6

0.5
N ti 9l '0R A' I 2 1 9.o-IS

-80 7 ''' " t,:

1 .3 : >1 6 10 1 '2 1 1A S



FREQUENCY (CM~
100 50 00 4000 300 20 0010 60 10 201000 950 900 850 800 750 700 650

1000 500 000 3000 2500 200 18000 1600 140 12.00 10 5 0 5 0 5 5

~80 4-TT>~ I
60-

1201 ~

WAVELENGTH (MICROI)

FREQUNC (CM)I
1000 5000 4000 3000 2500 2000 1800 1600 1400 1200 1000 950 900 850 8em 750 700 650

-1 u I 1 -:11'.- --- A .-. - 2

~40-I

___01 I -d-H -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

WAVEL.ENGTH (MiCRONS)

FREQUENCY (CM)l
10000 5000 4000 3000 2500 2000 1800 1600 1400 120 1000 950 900 850 800 750 700 650

~~60~~ IClTLT  V.[9 T

I SOL . tv _A ' I

I_ I_ I .' _ 1 1 1 1{1 -
--- 0IS j Il __i_

1 2 3 A 5 6 7 8 9 10 11 12 13 14 15
WAVELENGTH (MICRONS)

FREQENC Av(CblmC p



UNCLASSIFIED
Secutity Classiflcatiun

Piainy Arsenal, Dover, New Jersey 2.GRU

Compilation of infrared Spectra of Ingredients of Propellants and Explosives

4. DESCRIPTIVE NOTES (T~rose.1 tqpmi md ineluetwo dotes)

S. AV YNORCEI ( 1,8* name, Winda Initial, I*fel.Wno

Frank Pristera, Walter E. Fredericks

41. REPORT OAT& ?a. TOTALNOOPAES7. NO. OF PAEVS

Sept 1969 5
8.CONTRACT OR GRANT NO. S0. ORIGINATORWS REPOMI NUIXIIER(S)

b. PROJECT NO. Technical Memorandum 1887

a.AMCMS Code #4930.11.1161.1 9b. OTHERR P4ORT NOIS) (Any oUIht num.bers e maay he assige.d

10. OIITRI SUTtON STATEMENT

Each transmittal of this document outside the agencies of the U.S. Government must
have prior approval of' the Scientific and Technical Information Branch, Picatinny
Arsenal, Dover, N. J. 07801____________________

1 1. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

I S. ASSTRACT

*A comprehensive compilation consisting of 176 infrared spectra of ingredients of
propellants and explosives has been prepared and is. presented herein. The spectra
are arranged in the following groups, which are listed alphabetically, Acetates,
A-mines, Esters, Metal Organics, Misc., Polymers, Nitro Amines, Nitro Aromatics,
Organo Nitrates, Phosphates, Phthalates, Salts, Ureas, Urethanes. Within each group
the individual spectra have been arranged in such a way so that related compounds
are placed together.

3est Available Copy

473 P.AE a'71.M I jAM 5". WMICM III
DD I NovLET 4.147SE UNCLASSIFIED

Security Classification


